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What is a wave ?
• One definition:

– A wave is a traveling disturbance that transports 
energy but not matter.

• Examples:
– Sound waves (air moves back & forth)
– Stadium waves (people move up & down)
– Water waves (water moves up & down)
– Light waves (what moves ??)
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Types of Waves
• Transverse: The medium oscillates 

perpendicular to the direction the wave is 
moving.
– Water (more or less)
– Guitar String

• Longitudinal: The medium oscillates in the 
same direction as the wave is moving
– Sound
– Slinky
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Wave Properties

λ
Wavelength

Wavelength: The distance between identical points on the wave.

Amplitude A

Amplitude: The maximum displacement A of a point on the wave.

A
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Wave Properties...

Period: The time T for a point on the wave to undergo one
complete oscillation.

Speed: The wave moves one wavelength λ in one period T
so its speed is v = λ / T.

T
v λ

=



Lecture 2/6

Advanced Photon Source

Conceptual RF and Microwave Fall 2002     ANL

Wave Properties...
• We will show that the speed of a wave is a

constant that depends only on the medium, not 
on amplitude, wavelength or period     

λ and T are related !

• λ = v T or  λ = 2π v / ω     (since T = 2π / ω )

or  λ = v / f (since T = 1/ f  )      
• Recall f = cycles/sec or revolutions/sec

ω = rad/sec = 2πf

v = λ / T
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Right-hand rule for propagation



Lecture 2/9

Advanced Photon Source

Conceptual RF and Microwave Fall 2002     ANL

Phase shift of reflected radio waves
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Diffraction around an object.
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Longitudinal wave represented graphically by a 
transverse wave
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Wave Motion
The speed of sound in air is a bit over 300 m/s, and the speed of 
light in air is about 300,000,000 m/s.  
Suppose we make a sound wave and a light wave that both 
have a wavelength of 3 meters. 

What is the ratio of the frequency of the light wave to that of 
the sound wave ?

(a) About  1,000,000
(b) About  .000,001
(c) About  1000
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Solution
We have shown that v  =  λ / T =  λ f (since f = 1 / T )

So f v
=

λ

Since λ is the same in both cases, and 
v

v
1,000,000light

sound
≅

f
f

1,000,000light

sound
≅
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Solution
What are these frequencies ???

f v 300 m s
3m

100 Hz= ≈ =
λ

 For sound having λ = 3m :  

f v 3 10 m s
3m

100 MHz
8

= ≈
×

=
λ

 For light having λ = 3m :  

(low humm)

(FM radio)
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Wave Forms
• So far we have examined 

“continuous wavescontinuous waves” that go 
on forever in each direction !

v 

v We can also have “pulses” 
caused by a brief disturbance
of the medium:

v 
And “pulse trains” which are
somewhere in between.
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Mathematical Description

• Suppose we have some 
function y = f(x): x

y

f(x-a) is just the same shape moved
a distance a to the right:

x

y

x=a0

0

Let  a=vt Then
f(x-vt) will describe the same 
shape moving to the right with 
speed v. x

y

x=vt 0

v 
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Math...
• Consider a wave that is 

harmonic in x and has a 
wavelength of λ.

( ) 







λ
π

= x2cosAxyIf the amplitude is maximum at
x=0 this has the functional form:

y

x

λ
A

Now, if this is moving to
the right with speed v it will be 
described by:

y

x

v 

( ) ( )





 −

λ
π

= vtx2cosAt,xy
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Math...

( ) ( )





 −

λ
π

= vtx2cosAt,xy

By using v
T

= =
λ λω

π2
from before,  and by defining k ≡

2π
λ

So we see that a simple harmonic 
wave moving with speed v in the x
direction is described by the equation:

we can write this as: ( ) ( )tkxcosAt,xy ω−=
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Math Summary

The formula                                    
describes a harmonic wave of
amplitude A moving in the 
+x direction. 

( ) ( )tkxcosAt,xy ω−=
y

x

λ
A

Each point on the wave oscillates in the y direction with
simple harmonic motion of angular frequency ω.

λ π
=

2
kThe wavelength of the wave is

v
k

= ω
The speed of the wave is

The quantity k is often called “wave number”.
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Wave Motion
A harmonic wave moving in the positive x direction can be 
described by the equation y(x,t) = A cos ( kx - ωt )
Which of the following equation describes a harmonic wave 
moving in the negative x direction ?

(a) y(x,t) = A sin  ( kx − ωt )
(b)  y(x,t) = A cos ( kx + ωt )
(c)  y(x,t) = A cos (−kx + ωt )
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Solution
Recall y(x,t) = A cos ( kx - ωt ) came from

( ) ( )y x t A x vt, cos= −





2π
λ

The sign of the term containing the t determines the 
direction of propagation.

We change the sign to change the direction:

y(x,t) = A cos ( kx − ωt ) moving toward + x

y(x,t) = A cos ( kx + ωt ) moving toward - x
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Solution
Recall y(x,t) = A cos ( kx - ωt ) came from

( ) ( )y x t A x vt, cos= −





2π
λ

Actually , it’s the relative sign between the term containing
the x and the term containing the  v:

y(x,t) = A cos ( kx − ωt ) moving toward + x

y(x,t) = A cos (-kx + ωt ) = A cos ( - (kx − ωt ) )

= A cos ( kx − ωt ) also moving toward + x
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Standing Waves:Standing Waves:
Transverse:  v = λf

λ
Longitudinal:  v = λf

λ
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Longitudinal standing waves
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Longitudinal standing waves
(ex. antinodes at each end)



Lecture 2/31

Advanced Photon Source

Conceptual RF and Microwave Fall 2002     ANL

Pipes: 2 Types

Open Pipe  (open on both ends)

Closed Pipe  (one open, one closed end)

f1 = v/4L

f1 = v/2L
λ1 = 2L

λ1 = 4L
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Next highest frequencies

Open Pipe  (open on both ends)

Closed Pipe  (one open, one closed end)

f3 = 3v/4L

f2 = v/L
λ2 = L

λ3 = (4/3)L

= 2f1

= 3f1
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Which harmonics resonate?

• Ends are the same:
– Multiples of f1:  f1, 2f1, 3f1, 4f1…

• Ends are different:
– Odd multiples of f1:  f1, 3f1, 5f1, 7f1...
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Both ends 
open:

anti-nodes 
at ends
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One end 
open--one 
end closed:

anti-node at 
one end--
node at the 
other
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Standing Waves:Standing Waves:
• Only happens at certain frequencies

– Resonance phenomenon
– Reflection and superposition of a wave

• NODES: points of zero vibration
• ANTINODES: points of maximum 

vibration
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L

λ = 2 L

Rule: Each lobe is half a wavelength; # lobes x λ/2 = L

What is the wavelength?

What is the frequency?

v = λ f

f = v/ λ
= v/ 2L
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L

SnapshotWhat is the wavelength?



Lecture 2/41

Advanced Photon Source

Conceptual RF and Microwave Fall 2002     ANL

L

Rule: Each lobe is half a wavelength; # lobes x λ/2 = L
3    λ/2   = L

λ = 2/3 Lf = v/ λ
v= 2/3 L = 3v/2L = 3f1= 3(v/2L)
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What is the frequency of this mode?
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A string stretched between 2 fixed supports 
sets up standing waves with 2 nodes 
between the ends when driven at 240 Hz.

a. Draw a picture of the standing wave pattern.  
b. What is the fundamental frequency? 
c. At what frequency will the standing wave have 3 

nodes (between ends)?
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BEATS
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BEATS:BEATS:
• results from interference of two 

slightly different frequencies

fbeat= |f2 - f1 |
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